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ABSTRACT 

Intramuscular  injection  of  a stabilized  polyriboinosinic 
acid.polyribocytidylic  acid  complex,  composed  of  the  two  acids, 
poly- 1- lysine  and  carboxymethylcellulose  [poly(ICLC)] , was 
radioprotective  in  mice  when  given  in  a single  dose  48,  or  72, 
or  in  multiple  doses  24  and  48,  or  24,  48  and  72  hr  before 
total-body  ^^Co  Irradiation.  At  dosages  of  0. 1-3.0  mg/kg, 
values  were  Increased  significantly  (P  < 0.05),  from  86  to  157 
rads  with  a maximum  dose  reduction  factor  of  1.25.  Survival  rates 
and  weighted  mean  survival  times  were  also  significantly  Increased. 
Increased  circulating  levels  of  serum  interferon  Induced  by  poly(ICLC) 
were  not  required  at  the  time  of  irradiation  for  radioprotection. 
Poly(ICLC)  was  found  to  have  a slight  stimulatory  effect  on  the 
numbers  of  peripheral  blood  elements  in  irradiated  mice. 
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INTRODUCTION 

I The  synthetic  double-stranded  ribonucleic  acid,  polyriboinosinic 

acid'polyribocytidylic  acid  ^oly(I) 'poly (C)^  is  an  interferon  inducer 
, has  antiviral  and  antitumor  properties,  and  has  been 

shown  to  be  radioprotective  in  rodents 

^ovaranny  and  A.  C.  Konoplyaanikev,  paroonal  conimunieattet>) . The 
observation  that  the  radioprotective  action  of  poly  (I) ’poly  (C) , as 
well  as  certain  endotoxins  and  chemicals  may  be 

associated  with  their  ability  to  induce  Interferon,  has  also  stimulated 
Interest  in  the  possible  radioprotective  action  of  interferon  itself 

^^oly (I) ‘poly (C) , although  an  effective  interferon  Inducer  in 

t 

rojifents,  induces  little  or  no  interferon  in  nonhuman  primates  and  man 
due  to  a hydrolytic  nuclease  in  primate  sera  (14) . However, 
poly (I) • poly (C) , complexed  with  poly-l-lysine  and  carboxymethylcellulose, 
designated  poly(ICLC),  is  4-10  times  more  resistant  to  hydrolysis  than 
the  parent  compound  (15) . Poly(ICLC)  induces  moderate  to  high  levels  of 
serum  Interferon  in  rodents  (16) , nonhuman  primates  (17) . and  man  (H.  B. 
Levy  and  A.  Levine,  personal  communication),  and  in  addition  has 
antiviral  (18-21)  and  adjuvant  (22,  D.  G.  Harrington,  personal 
communication)  properties  in  rodents  and  monkeys.  This  compound  had 
also  been  used  in  some  cancer  therapy  protocols  in  man  as  an 
experimental  chemotherapeutic  agent  (H.  B.  Levy  and  A.  Levine,  personal 
communications) . 

This  paper  describes  radioprotection  achieved  in  total-body 
Irradiated  mice  pretreated  with  poly(ICLC),  and  shows  that  high  levels 
i of  circulating  interferon  are  not  required  for  radioprotection. 
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MATERIALS  AND  METHODS 


Drug 

Poly(ICLC),  2 mg  of  poly (I) .poly (C) /ml,  was  prepared  as  previously 
described  (14) . For  Injection  Into  mice,  poly(ICLC)  was  appropriately 
diluted  with  pyrogen-free  0.85%  NaCl  (saline)  so  that  final  Injection 
volumes  were  0.1  ml. 

Animals  and  Animal  Inoculations 

Male  Swlss-Webster  mice  (Dub: ICR),  30-40  days  old,  weighing 
approximately  30  g,  were  used  In  all  experiments.  Mice  were  housed 
4 or  16  per  pan  and  given  fresh  water  and  Wayne  Lab-Blox  ^ libitum. 

Groups  of  8 to  20  mice  selected  at  random  were  used  In  all 
^experiments.  All  Injections  were  given  Intramuscularly  (IM)  In  a hind 
leg.  Multiple  Injections  were  alternated  between  both  hind  legs. 

Poly(ICLC)  was  used  In  dosages  of  0.1,  0.3,  and  1.0  and  3.0  mg/kg. 

Mice  Inoculated  with  saline  served  as  controls. 

Irradiation 

Total-body  Irradiation  exposures  were  accomplished  by  using  a 
bilateral  40,000  Cl  ^^Co  source  as  previously  described  (23) . 

Mice  were  exposed  Individually  In  a compartmentalized  polyethylene 
exposure  chamber,  rotated  at  approximately  1 rpm.  Dose  rate  was  50  rads/ 
min. 

For  radioprotection  studies  mice  were  Irradiated  In  100  rad  Increments 
from  400  to  1000  rads.  Mice  were  glve.i  poly(ICLC)  either  as  a single 
dose  8,  24,  48  or  72  hr  before  Irradiation,  or  In  multiple  doses  24  and  48 
or  24,  48  and  72  hr  before  Irradiation. 
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Interferon 

I Serum  interferon  (reference  units  per  milliliter)  was  assayed  by 

reduction  of  cytopathic  effects  (CPE)  induced  by  vesicular  stomatitis 
virus  in  tissue  culture  of  mouse  L-929  cells.  A control  group  of  mice 
was  inoculated  IM  with  saline  and  bled  24  hr  later  to  serve  as  a negative 
control  in  the  interferon  assay. 

Hematology 

Selected  peripheral  blood  elements  were  studied  in  three  groups  of 
mice  as  follows:  (1)  those  given  poly(ICLC)  in  two  doses,  24  and  48  hr 
before  irradiation  (600  rads),  (2)  those  given  two  doses  of  drug  alone, 
and  (3)  irradiation  controls  given  saline  in  lieu  of  poly(ICLC). 

Two  preexperimental  blood  samples  were  collected  in 
ethylenediaminetetraacetic  acid  from  the  orbital  sinus  of  each  mouse  to 
determine  base-line  mean  white  blood  cell  (WBC) , neutrophil,  lymphocyte, 
platelet,  and  packed  cell  volume  (PCV)  values.  Mice  from  each  experimental 
group  were  bled  on  days  2,  7,  14  and  29  after  the  second  drug  dose.  Each 
postinoculation  blood  cell  count  was  divided  by  its  corresponding  mean 
base-line  value  and  multip'''’ed  by  100  to  obtain  a normalized  value.  A 
group  mean  normalized  value  of  100%  indicates  no  deviation  from  base  line, 
whereas  a value  of  24%  indicates  an  approximately  76%  decrease  from  the 
preexperimental  base-line  value. 

Statistics 

Postlrradlatlon  survivors  were  counted  dally  for  at  least  30  days 
after  irradiation.  Percentage  survivors  and  dose  reduction  factor  (DRF) 
were  calculated  as  previously  described  (24) . Significance  of  differences 
in  percentage  survivors  compared  to  controls  were  determined  by  a chi-square 
test  with  Yates'  correction.  A weighted  mean  survival  time  (HMST)  was 
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calculated  (25).  Since  death  patterns  for  mice  from  group  to  group  did 
not  always  follow  a normal  distribution,  the  Kolmogorov-Smirnov  two- 
sample  test  (26)  was  used  to  compare  the  lethality  distribution  pattern 
of  mice  in  poly (ICLC)-treated  vs.  saline-treated  groups.  The  radiation 
dose  that  killed  50%  of  the  mice  in  30  days  (^050/30^  calculated  by 
probit  analysis  (27) . 
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RESULTS 

Survival  rates  were  Increased  In  mice  protected  with  poly(ICLC) 
and  irradiated  at  doses  from  400  to  900  rads  when  compared  to  survival 
rates  of  saline-treated,  irradiated  control  mice  (Fig.  1).  Survival 
rates  were  increased  significantly  (P  < 0.05)  in  the  600,  700  and  800 
rad  dose  groups  treated  with  poly(ICLC)  compared  to  saline'  controls 
at  the  same  radiation  dose  (Fig.  1).  Radiation  ^5q/3q  values  of 
poly (ICLC)-treated  mice  were  increased  with  a calculated  DRF  in  the 
range  of  1.14  to  1.25  (Fig.  1).  For  example,  the  ^50/30  values  for 
mice  given  a single  dose  of  drug  (0.3  mg/kg)  48  or  72  hr  before 
irradiation  were  764  and  765  rads,  respectively,  compared  to  608  rads 
in  control  mice  (Fig.  1).  The  DRF  for  both  groups  of  mice  was  1.25. 
Survival  rates  of  mice  given  poly(ICLC)  8 or  24  hr  before  irradiation 
were  increased  when  compared  to  those  of  irradiated  controls,  but  not  as 
consistently  nor  as  pronounced  as  earlier  treatment  times. 

The  WMST  was  increased  significantly  (P  < 0.05)  for  all  poly(ICLC)- 
treated  groups  compared  to  VMST  for  saline-treated,  irradiated  controls 
(Fig.  2).  Mice  given  a single  dose  of  drug  (0.3  mg/kg)  48  or  72  hr 
before  700  rads  had  WMST  of  26.3  and  29.3  days,  respectively,  compared 
to  16.8  days  for  control  mice  (Fig.  2).  The  WMST  for  mice  given  two 
or  three  dally  doses  of  poly(ICLC)  before  irradiation  was  7.9  to  10.1 
days  longer  than  controls  (Fig.  2).  Percentage  survivors  were  increased 
in  the  single  and  multiple  poly(ICLC)  dose  groups  given  700  rads 
compared  to  control  mice  given  700  rads  (Fig.  2). 
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The  temporal  relationship  of  poly (ICLC) -induced  serum  interferon 
titers  to  time  of  irradiation  for  maximum  radioprotection  are  shown  in 
figure  3.  Following  a single  dose  of  drug,  serum  Interferon  titers 
were  maximum  in  24  hr,  but  barely  detectable  at  48  and  72  hr,  the  time 
of  irradiation  that  yielded  maximum  radioprotection  (Fig.  3)-  Following 
two  doses  of  drug,  24  and  48  hr  before  irradiation,  or  three  doses  of 
drug,  24,  48  and  72  hr  before  irradiation,  serum  Interferon  titers  were 
again  maximum  24  hr  after  the  first  dose;  however,  with  additional  doses, 
hyporesponslveness  ensued  (Fig.  3).  The  greatest  increase  in  percentage 
survivors  occurred  when  serum  interferon  titers  were  low  at  the 
time  of  irradiation  (Fig.  3).  The  serum  Interferon  response  of  mice 
increased  as  the  dose  of  poly(ICLC)  increased  (Fig.  3). 

Following  two  daily  doses  of  poly  (ICLC),  all  hematologic  variables 
measured  were  increased  slightly  in  mice  through  the  29-day  experimental 
period  (Table  1).  WBC,  neutrophil,  lymphocyte,  platelet  and  PCV  values 
for  mice  pretreated  with  either  poly  (ICLC)  or  saline  decreased  subsequent 
to  irradiation  (600  rad)  as  expected  (Table  1).  However,  all  variables 
were  increased  slightly  in  mice  given  poly (ICLC)  prior  to  irradiation 
when  compared  to  similar  values  for  saline-treated.  Irradiated  controls 
(Table  I).  For  both  irradiated  groups,  WBC  and  neutrophil  counts  were 
decreased  from  base-line  values  from  day  2 through  14  with  recovery  to 
normal  levels  by  day  29.  Lymphocyte  counts  were  decreased  from  day  2 
through  14  with  Incomplete  recovery  by  day  29  in  both  irradiated  groups. 
Platelet  counts  were  Increased  on  day  2,  then  decreased  before  returning 
to  base-line  values  on  day  29.  PCV  values  were  relatively  unaffected 
by  irradiation  or  phlebotomy  (Table  I). 
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DISCUSSION 

This  report  shows  that  poly (I) "poly (C)  stabilized  with  poly-l-lysine 
and  carbox3rmethylcellulose  [poly(ICLC)]  is  a radioprotectant.  Poly(ICLC) 
given  to  mice  in  single  or  multiple  doses  by  the  IM  route  before  total- 
body  radiation  exposure  increases  percentage  survivors  when  Irradiated 
in  the  dose  range  of  400  to  900  rads.  Maximum  radioprotective  effect 
occurred  when  poly(ICLC)  was  given  at  0. 1-3.0  mg/kg  in  a single  dose  48 
or  72  hr  before  irradiation  or  in  multiple  doses  24  and  48,  or  24,  48 
and  72  hr  before  irradiation.  At  these  treatment  times,  radiation 
LD^O/30  increased  86  to  157  rads,  with  a maximum  DRF  of  1.25.  The  VJMST 
of  drug-treated,  irradiated  mice  was  increased  over  that  of  counterpart 
irradiated  controls.  However,  drug  dosages  above  3.0  mg/kg  failed  to 
cause  further  increases  in  these  variables  over  that  of  control  mice 
even  though  interferon  titers  continued  to  increase  with  increased  drug 
doses  (W.  B.  Baze  and  D.  E.  Hilmas,  unpublished  data). 

Survival  rate,  and  VMST  were  not  increased  consistently 

when  poly(ICLC)  was  given  in  single  dose  8 or  24  hr  before  irradiation. 

In  addition,  other  studies  show  that  poly(ICLC)  given  to  mice  30  min 
before  irradiation  as  well  as  30  min  and  1 to  7 days  after  irradiation 
failed  to  alter  any  of  these  variables  significantly  (W.  B.  Baze  and 
D.  E.  Hilmas,  unpublished  data). 

These  findings  are  in  agreement  with  observations  of  others  who 
have  shown  that  poly(I) ’poly (C)  increases  survival  rates  of  mice 
when  given  48  hr  before  total-body  irradiation  (^,  9_,  0.  V.  Semina, 
e^  al . , personal  communication).  Likewise,  crude  homologous  interferon 
administered  to  mice  24  hr  before  total-body  irradiation  causes  a 

j moderate  Increase  in  WMST  after  600  rads  (28).  Heterologous  Interferon 

1 

I 

1. 
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(rabbit)  is  less  radioprotective  in  mice  (28) . In  addition,  partly 
purified  interferon  administered  2 days  before  irradiation  has  been 
shown  to  increase  endogenous  spleen  colonies  and  survival  rates  of 
irradiated  mice  (29) . 

To  what  are  increased  survival  rates  attributed,  and  are  high 
circulating  interferon  titers  required  for  radioprotection? 
Radioprotection  of  mice  with  nonstabilized  poly (I )• poly (C)  has  been 
attributed  to  an  increase  in  the  fraction  of  hematopoietic  stem  cells 
in  the  Irradiated  host,  mediated  through  induced  interferon  (^,  0.  V. 
Semina  et  al. , personal  communication).  It  was  found  that  poly  (I) • 
poly(C)-treated  mice  produce  12  times  more  spleen  colonies  by  day  10 
post irradiation  in  contrast  to  control  mice  (E.  Szolgay  and  M.  Talas, 
personal  communication).  These  authors  suggested  that  maximum  serum 
interferon  titers  correlated  with  increased  spleen  colony  formation 
and  resulted  in  radioprotection. 

In  contrast,  our  data  show  that  peak  serum  interferon  titers  in 
comparison  to  time  of  irradiation  for  maximum  radioprotection  do  not 
coincide.  Irradiation  of  poly (ICLC) -treated  mice  at  the  time  of  peak 
serum  interferon  response  failed  to  show  any  Increase  in  survival  rates 
compared  to  survival  rates  of  mice  Irradiated  when  circulating  interferon 
titers  are  low  or  not  detectable.  It  is  apparent  that  high  circulating 
levels  of  Interferon  are  not  required  at  the  time  of  irradiation  for 
radioprotection. 

Other  studies  (30)  show  that  poly (I) •poly(C)  also  Increases  the 
in  vivo  hematopoietic  colony-stimulating  activity  of  mouse  serum; 
this  activity  was  inversely  related  to  poly(I) ‘poly (C)-lnduced 
serum  Interferon  titers.  That  is,  serum  interferon  titers  peaked 
at  6 to  8 hr  after  a single  dose  of  poly(I) *poly(C)  and  were  negligible 
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at  48  hr  when  colony-stimulating  activity  was  3 to  4 times  normal. 
Hyporesponsiveness  to  Interferon  Induction  ensued  following  additional 
doses  of  poly (I) ‘poly (C) ; however,  colony-stimulating  activity  was  1 to 
3 times  normal  levels  for  48  hr  after  each  additional  dose  of  drug  (30). 

Serum  inteferon  responses  following  single  and  multiple  doses  of 
poly(ICLC)  are  consistent  with  the  poly  (I)* poly  (C)  data  (30) . It  Is 
likely  that  poly(ICLC)  also  Increases  serum  hematopoietic  colony- 
stimulating  activity  when  serum  Interferon  titers  are  low.  A slight 
increase  in  the  number  of  peripheral  blood  elements  was  noted  In  both 
nonlrradiated  and  irradiated  mice  given  poly(ICLC).  These  Increases  in 
peripheral  blood  elements  for  mice  gi’ren  poly(ICLC)  before  Irradiation 
are  circumstantial  indicators  of  increased  hematopoietic  activity. 

The  Inverse  relationship  between  serum  hematopoietic  colony-stimulating 
activity  and  poly (I) "poly (C)-induced  serum  interferon  titers  has  been 
explained  by  the  presence  of  a colony  inhibitor,  related  to  interferon, 
detected  in  sera  of  mice  (^,  31) . The  amount  of  colony- inhibiting 
activity  in  whole  mouse  serum  is  directly  proportional  to  the  amount  of 
serum  interferon;  colony  inhibitor  and  interferon  were  also  found  to 
have  similar  physical-chemical  properties,  such  as  molecular  size,  pH, 
species  specificity,  and  trypsin  (31). 

An  inhibitory  effect  by  Interferon  on  hematopoietic  tissues  has 
been  suggested  by  others  (29,  32.  0.  V.  Semina  et  al . . personal 
communication).  This  inhibitory  effect  may  be  followed  by  stimulation 
of  these  same  tissues  by  other  factors  produced  in  association  with 
interferon  (13) . That  Interferon  may  be  inhibitory  to  hematopoietic 
tissues,  while  factors  produced  in  association  with  interferon  may 
be  stimulatory,  helps  to  explain  radioprotection  found  with  crude 


13 


preparations  of  Interferon  (28,  29)  or  with  interferon-inducers  such 
as  poly (1) ‘poly (C)  (8^,  0.  V.  Semina  et  al.,  presonal  communication) 

or  poly(ICLC).  Consistent  with  this  explanation  is  the  observation  that 
highly  purified  interferon  lacks  any  radioprotective  effect  (E.  Lvovsky, 
unpublished  data).  Further,  the  fact  that  10  mg/kg  of  poly(ICLC)  induces 
very  high  levels  of  serum  Interferon  in  mice  (W.  B.  Baze  and  D.  E.  Hilmas, 
unpublished  data),  yet  fails  to  protect  mice,  supports  this  hypothesis. 

The  possibility  that  biologically  active  compounds  produced  in  association 
with  interferon  may  aid  or  stimulate  postirradiation  recovery  by  the 
hematopoietic  or  other  system  needs  further  investigation.  Also,  the 
potential  for  poly(ICLC)  to  be  used  in  combination  as  a chemotherapeutic 
and  radioprotective  agent  in  cancer  therapy  should  be  explored. 
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FOOTNOTES 

^In  conducting  the  research  described  in  this  report,  the 
Investigators  adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  as  promulgated  by  the  Committee  on  the  Revision  of  the  Guide 
for  Laboratory  Animal  Facilities  and  Care  of  the  Institute  of  Laboratory 
Animal  Resources,  National  Research  Council.  The  facilities  are  fully 
accredited  by  the  American  Association  for  Accreditation  of  Laboratory 
Animal  Care. 

2 

The  views  of  the  authors  do  not  purport  to  reflect  the  positions 
of  the  Department  of  the  Army  or  the  Department  of  Defense. 
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TABLE  I 

Effect  of  0. 3-3.0  mg/kg  Poly(ICLC)  and  Irradiation  Treatment  on  Peripheral 
Blood  Elements  of  Mice  (N  = 10-20) 


Blood 

element 


Poly (ICLC)^  Poly (ICLC)^+  600  Rads^  % Change  from  base  line 


600  rads 


by  days 


91 

36 

24 

133 

63 

13 

14 

209 

.14 

134 

121 

138 

14 

10 

23 

72 

12 

6 

19 

66 

.00 

137 

135 

131 

.25 

52 

37 

102 

.14 

81 

25 

83 

01 

114 

119 

118 

.06 

102 

97 

122 

.08 

92 

84 

121 

doses  of  poly(ICLC)  24  hr  apart. 

doses  of  poly(ICLC)  24  and  48  hr  before  Irradiation, 
doses  of  saline  24  and  48  hr  before  Irradiation. 
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LEGENDS  FOR  FIGURES 

FIG.  1.  Percentage  survivors,  ^5q/3q  dose  reduction  factor  (DRF) 
for  mice  (n  = 16-48)  given  poly(ICLX3)  at  various  times,  (A) 

48  hr,  (B)  72  hr,  (C)  24  and  48  hr,  and  (D)  24,  48  and  72  hr, 

before  total-body  irradiation.  A , 3.0  mg/kg; , 1.0  mg/kg; 

I , 0.3  mg/kg;^  , 0.1  mg/kg;0  , saline  controls;  *P  < 0.05; 

(95%  confidence  interval). 

FIG.  2.  Kinetics  of  death,  weighted  mean  survival  time  (VJMST)  and  percentage 
survivors  for  mice  (n  = 12-48)  given  poly(ICLC)  at  various  times, 

(A)  48  hr,  (B)  72  hr,  (C)  24  and  48  hr,  and  (D)  24,  48  and  72  hr, 
before  total-body  irradiation  (700  rads).  0 ,3.0  mg/kg;^  , 

1.0  mg/kg;  g , 0.3  mg/kg;  0.1  mg/kg;  0 , saline  controls; 

*P  < 0.05. 

FIG.  3.  Temporal  relationship  of  poly (ICLC) -induced  interferon  response 
in  mice  to  time  of  irradiation  for  maximum  radioprotection,  (A) 

48  hr,  (B)  72  hr,  (C)  24  and  48  hr,  and  (D)  24,  48  and  72  hr. 

^ , poly(ICLC);A  , 3.0  mg/kg;  0,  1.0  mg/kg;  0,  0.3  mg/kg. 
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